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ABSTRACT — A diagnostic key has been developed to facilitate the identification of 48 species of 
Pythium recorded in Taiwan so far. Photomicrographs are provided for the 10 most common 
or economically important species to highlight their major morphological characteristics. 
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Introduction 

In a review of the genus Pythium in Taiwan, Ho (2009) reported that a total 
of 48 Pythium species have been recorded. This is the second part of the paper, 
presenting a diagnostic key to all these species. Although taxonomic keys to 
Chinese Pythium species are already available (Yu & Ma 1989, Yu 1998), a 
similar key is lacking for Taiwan. Considering the importance of the genus in 
the ecosystem (Plaats-Niterink 1981), plant pathology (Hendrix & Campbell 
1973), fish diseases (Khulbe 2009), the potential benefits to human beings as 
agents biological controls of soil-borne diseases (Jones 1995) and mosquitoes 
(Su et al. 2001), and as a source of enzymes useful in medicine, food industry 
and the production of biofuel (Stredansky et al. 2000, Mendez-Vilas 2009), 
there is a need for a diagnostic key to all species of Pythium in Taiwan to assist 
mycologists, plant pathologists, and other scientists, which is presented below. 
Photomicrographs of the ten most common or economically important species 
are also provided to facilitate identification. 


Materials & methods 

Morphological characters used traditionally to classify Pythium species are limited 
and often variable and overlapping. These include the characteristics of the oogonia, 
oospores, antheridia, sporangia, and hyphae as well as maximum growth temperatures. 
Moreover, there has been controversy and confusion regarding the terminology of some 
important taxonomic criteria. 

For instance, traditionally, an oospore is considered plerotic if it fills up or nearly 
fills up the space of the oogonium that produces it (Middleton 1943, Waterhouse 1967, 
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Plaats-Niterink 1981). More recently, Dick (1990) devised a mathematical formula to 
calculate the aplerotic index showing the percentage of the oogonial volume occupied 
by the oospore where an oospore is considered plerotic when the aplerotic index 
exceeds 70% and aplerotic when the aplerotic index is less than 60%. I have opted for 
the traditional concept in using the terms plerotic and aplerotic in this key. 

There are some species that form sporangia-like structures but no zoospores. 
These structures have been termed “sporangia” (Middleton 1943), “hyphal bodies” 
(Waterhouse 1967, Dick 1990), or “hyphal swellings” (Plaats-Niterink 1981). In this key, 
“zoosporangia’ refers to sporangia that produce zoospores and “hyphal swellings” refer 
to sporangia-like swellings producing no zoospores. 


A diagnostic key to the species of Pythium in Taiwan 


la Oogomiaproducediiwsinele cultures ie cg oie ai a KG aw howls boil sev ees ee 2 
1b. Oogonia not or rarely produced in single cultures 2... ic cc ote ee cues See e ais 27 
2a.(la). Oogonial wall ornamented with projections ........ssssessrsrreresrsee 3 
Zerg ot Wiyatl SMO O O e ys a E E ide ES Wal ay E a 10 
3a. (24): Projections numerous, evenly distributed soares ii eernannne eei e 4 
3b. Projections 0-5 per oogonium, unevenly distributed ....... P. irregulare Buisman 
Aa 32) <7 OOS ORM ADSENE E aiaa Eear EEEE EE oe wa wes A E wed 5 
ALO OSDON I Spre SENEN. nS arene ten mee ence soar hound E E odin T 6 
5a.(44). Projections diwitate 2.6.6. ...6 4. P. spinosum Sawada var. spinosum (Fic. 1) 
5b- Projections comical, acute nioso oriee Soke n P. hydnosporum (Mont.) J. Schröt. 
6a.(4a). Zoosporangia proliferating internally; chlamydospores large, 

aV- DOUMA o t ere ea P. dimorphum F.F. Hendrix & W.A. Campb. 
6b. Zoosporangia non-proliferating; chlamydospores absent ..................... 7 
7a.(6b). Projections conical, acute; antheridia often absent ... P. oligandrum Drechsler 
7b. Projections conical sub-acute; antheridia present ci cas ss viene bocca pe cae oe 8 
7c. Projections conical, obtuse; zoosporangia lobulate ....... P. periplocum Drechsler 
7d. Projections conical, obtuse or mammiform; zoosporangia not lobulate ......... 9 


8a.(7b). Projections mostly 2-3 um long; zoosporangia often forming discrete 
complexes of subglobose and inflated elements 
OP E ao OTE AEE EE. P. acanthicum Drechsler (Fic. 2) 
8b. Projections mostly 3-5 um long; zoosporangia ellipsoidal to elongated 
E eC ee ee aE Ratna atin ee ee P. helicandrum Drechsler 
9a.(7d). Projections mostly 2-6 um long; zoosporangia globose to ovoid 


REARS ees oA E E ae Mt Seat TET P. mamillatum Meurs. 
9b. Projections mostly 5-8 um long; zoosporangia subglobose to broadly ovoid 


(oögöüia largexav. 53 umidiam) 06... en ee es P. polymastum Drechsler 
l0a(2b)- Zoosporangid Mla mentoUs moin oe e stu dee sean woe A SEA 11 
10pZ00Sporanei OD RUC E e seu gus es Oey uly E Ais E IO E E 15 
lOc: ZoosporaneielobosetooVvord. soe neee cok sate oie EEE E 20 


10d. Zoosporangia absent (hyphal bodies lobulate) ......... P. tardicrescens Vanterp. 
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1la.(10a). Oogonia <15 um diam ....... P. sukuiense W.H. Ko, S.Y. Wang & P.J. Ann 
TLD- Oogonias TIm MIN eve vie wars Oe He oes owe oe deme ow a wtb ees 12 
12a.(11b). Oospore wall pale lilac in color ssc 95 aoe can con ve P. coloratum Vaartja 
12b. Oospore wall uncolored or not pale lilac in color 6. ce tiecen ys hiv te cea 8 13 
13a.(12b). Oospores plerotic; antheridia stalked .......... P. monospermum Pringsh. 
i3b.Qospares apleroticantietidiastalked: imi arean Gubew Were nage ons 14 


13c. Oospores aplerotic to nearly plerotic; antheridia with short stalks or sessile 
ee rn ee eFC a ee Eee een ee ee P. dissotocum Drechsler (Fic. 3) 


14a.(13b). Antheridia often several from the same stalk, 1-4 antheridia per oogonium, 


teammmal cipintencal any ose. nse oe 348 P. adhaerens Sparrow 
14b. Antheridia usually one per stalk; 1(—2) per oogonium, 

TMOG TERIMA A LS rk tue any A uae ied eet Mana be P. gracile Schenk 
l5an( 10) Antheridia often intedeal dig cos... ee korn eee wv eens Shee 16 
Le TIE IAM SU AN MMOL ITILCTCALALY aos e oa «Ge ERs a oe oh ood wae 17 
16a.(15a). Oogonial stalks straight ....... P. aphanidermatum (Edson) Fitzp. (Fic. 4) 
16b. Oogonial stalks mostly curved towards the antheridia P. deliense Meurs. (Fic. 5) 
17A S 3) SOG APR AMMNIRIONG. 6... 3 soe es, Ea erea a tae he oe lowes he 18 
ND ONG SPOKES Met Cte gy os ba Fae Raga ca wu dg aed Gene Se wo an eens GRANDS 19 


18a.(17a). Antheridia mostly diclinous; 15-20 antheridia per oogonium 

e asada Meat A nate Nees Sa ase bias a P. arrhenomanes Drechsler 
18b. Antheridia mostly monoclinous, 1-2 antheridia per oogonium 

Set dr hi oka REE CO Gea ns talan es P. torulosum Coker & P. Patt. 
18c. Antheridia mostly monoclinous; 1-6 antheridia per oogonium 

BN nT ee or es ne P. graminicola Subraman. 


19a.(17b). Maximum growth temperature >40°C ... P, myriotylum Drechsler (Fic. 6) 
19b. Maximum growth temperature <40°C; antheridial branch 


entwining oogonialistalke =c sesos nane P. volutum Vanterp. & Truscott 
19c. Maximum growth temperature <40°C; antheridial branch 

not entwining oogonialstalk os awe cerere teure P. aristosporum Vanterp. 
20a.(10c). Zoosporangia non-proliferating or occasionally proliferating internally; 

0080N1a <30 LUNATA estore neon Caer A E EE 21 
20b. Zoosporangia proliferating internally; oogonia >30 um diam ............... 26 


20c: Zoosporansia absent; oogonia <30 um diami... oeie aa sei ne a 

A E EE E E te P. ultimum Trow var. ultimum (Fic. 7) 
DIVO O0AAOOSPOreIPLerOti cs i 24.05 wikis a dood EEV E a ye N, 22 
21DA OOSPOrE SA 5) 1G IEE e a E A n er ere S a a a RS A 23 


22a.(2la). Antheridia hypogynous or monoclinous, oogonia often in chain 
E OO E A T N P. rostratum E.J. Butler 
22b. Antheridia absent or monoclinous; oogonia often in chain 
AE E NA T on S P. salpingophorum Drechsler 
22c. Antheridia diclinous or monoclinous; oogonia not in chain .. P, pleroticum T. Itô 


ZOU Ape AL Memambellashapede. 2. erer coe ae ore ear nasser oe pede pean poe he ied 24 
23D Antheridia MO BUCH eCh AD eUn ui: crs ks wish ce at Cabana Teena Ohana E 25 
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24a.(23a). Sporangia globose, pyriform or ovoid, occasionally proliferating internally; 


irregularly elongated antheridia also present ......... P. vexans de Bary (Fic. 8) 
24b. Sporangia various shaped, non-proliferating; elongated antheridia 
NOBPEESEN E is EAE E E ed Shee P. perplexum H. Kouyeas & Theoh. 


25a.(23b). Antheridia mostly hypogynous; sporangia and/or oogonia mostly 
intercalary and occasionally catenulate ................. P. pulchrum Minden 
25b. Antheridia variable, mostly monoclinous, sessile but occasionally 
hypogynous; oogonia often intercalary or catenulate; sporangia terminal 
OIPMICEKEMIATY: «2 222 isc s E T E EA P. paroecandrum Drechsler 
25c. Antheridia mostly monoclinous, stalked; oogonia terminal and occasionally 
intercalary; sporangia terminal or intercalary ......... P. debaryanum R. Hesse 


26a.(20b). Antheridia smooth in contour; oogonia terminal; maximum growth 
temperature Oe so ranno Goes eT ewes P, helicoides Drechsler (Fic. 9) 
26b. Antheridia often wavy in contour; oogonia terminal; maximum growth 
temperature <40 Cn ea e era ea EE r E P. oedichilum Drechsler 
26c. Antheridia often wavy in contour; oogonia intercalary or lateral 
Sn ete a A eee P. palingenes Drechsler 


27a.(1b). Zoosporangia non-proliferating, non-papillate.....................06. 28 
27b. Zoosporangia proliferating internally, papillate obec oie em we ete nec e eee 31 
DIE JANOS LIN SIMA OSEE ae Aaa head 0 Oe HDG WA RO a & oR AL eRe 33 


28a. (27a). Zoosporangia filamentous ........... P. afertile Kanouse & T. Humphrey 
28b. Zoosporangia spherical, ovoid to cylindrical .... 2220065 os cea eee eee ewe 29 
2SCLAOOSPORMIGI MO UEMC m.. meas Sead Mae ee EEEE ae ERS eee eae cheek 30 


29a.(28b). Zoosporangia terminal, spherical, catenulate in water, deciduous, 
ZOOSPOLESMATE oc Sea a a cee asus Royo Cae P. intermedium de Bary 
29b. Zoosporangia terminal or intercalary, spherical, pyriform to cylindrical; 
exit tube very long upto 150i resnosti eee P. elongatum V.D. Matthews 


30a.(28c). Spherical hyphal swellings (10-20 um) catenulate in water, 
MOLGEGOHOUS o oya eea PE ERE E 5S P. catenulatum V.D. Matthews 
30b. Toruloid hyphal elements present; zoospores rare .... P. inflatum V.D. Matthews 


31a.(27b). Zoosporangia ellipsoidal, up to more than100 um long, terminal 

Oil sporangio phOre ss ao... dea ererat rer sete me P. undulatum H.E. Petersen 
31b. Zoosporangia globose, pyriform to asymmetrically utriform, often 

transversely attached to sporangiophore ............. P. marsipium Drechsler 
31c. Zoosporangia globose to ovoid, terminal on sporangiophore ................ 32 


32a.(31c). Zoosporangia av. 25 um diam; hyphal swellings catenulate 
E E E A E E P. carolinianum V.D. Matthews 
32b: Zoosporangia av. 30 UMPC eoan e ea ee a P. middletonii Sparrow 


33a.(27c). Hyphal swellings large, globose, mostly 30-40(—49) um diam and 
terminal aa fcc An e win A a eee P. splendens Hans Braun (Fic. 10) 
33b. Hyphal swellings globose to ovoid, mostly 25-30 um diam, intercalary or 
terminalis m S AA E «inion E P. sylvaticum W.A. Campb. & EE Hendrix 


Key to Pythium species of Taiwan ... 37 


Discussion 

I have not attempted to address the difficult problem of speciation in the 
genus Pythium in the above key and all species recorded in Taiwan have been 
accepted without prejudice. Although Plaats-Niterink (1981) considered 
P. debaryanum to be conspecific with P. ultimum var. ultimum, and P. gracile 
with P. monospermum, I have accepted the thesis of Waterhouse (1976) and Dick 
(1990) that they are recognizably distinct taxa. Similarly, P afertile is retained 
in this key, as in the keys developed by Waterhouse (1967) and Dick (1990), 
despite the fact that it was rejected by Plaats-Niterink (1981). The preparation 
of a traditional diagnostic key for all species of Pythium in Taiwan is only the 
first step in the study of the taxonomy of the genus on the island. Hopefully, 
in the future, with a combination of morphological studies and the utilization 
of modern molecular biology techniques, a clearer picture of the speciation of 
Pythium in Taiwan will emerge. 
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Fic. 1. Pythium spinosum var. spinosum. A. appressorium; B. digitate appendages on an 
intercalary hyphal swelling; C. intercalary hyphal swelling; D, E. terminal hyphal swellings; F-J. 
ornamented terminal oogonia with stalked antheridia, monoclinous in F, G, and diclinous in H-J; 
K-P. ornamented intercalary oogonia with antheridia stalked and monoclinous in K-M but 
hypogynous in N-P; Q, R. oogonia with plerotic oospores. Scale bar: 20 um (all at the same 
magnification) 
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Fic. 2. Pythium acanthicum. A, B. subglobose sporangial complex; C, D. terminal oogonia with 
monoclinous antheridia; oogonia with short, subacute conical projections and plerotic oospores. 
Scale bar: 20 um (all at the same magnification) 


Fic. 3. Pythium dissotocum. A, B. hyphal tip forming filamentous sporangium; C. zoospores in 
a vesicle at the tip of an exit tube; D. Empty cyst with an exit tube after the cyst has germinated 
by repeated emergence of zoospore; E. Cyst germinates by a germ tube; F-J. oogonia with short 
stalked monoclinous antheridia; K, L. oogonia with aplerotic to nearly plerotic oospores Scale bar: 
20 um (all at the same magnification except A) 
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Fic. 4. Pythium aphanidermatum. A, B. lobulate sporangia, sporangium empty with long exit tube 
in B after zoospore release; C-D. cyst germination by germ tube(s); E. Empty cyst with two exit 
tubes after germination by repeated emergence of zoospore; F. appressorium; G. oogonium with a 
terminal, stalked monoclinous antheridium; H-J. oogonia with intercalary antheridia; K. oospore 
with aplerotic oospore. Scale bar: 20 um (all at the same magnification except C and K) 
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Fic. 5. Pythium deliense. A, B. lobulate sporangia, sporangium empty with long exit tube in B. 
C, D. curving of oogonial stalk toward the antheridium (terminal in C and intercalary in D); 
E-G. oogonia with aplerotic oospores and antheridia (terminal and diclinous in E but intercalary 
in F and G). Scale bar: 20 um (all at the same magnification) 
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Fic. 6. Pythium myriotylum. A-C. appressoria, conspicuously broom-like in C; D, E. lobulate 
sporangia, empty sporangium with long exit tube in E; F-K. oogonia surrounded by club- or crook- 
shaped mostly diclinous antheridia; L, M. mature oogonia with mostly aplerotic oospores in M and 
an occasional plerotic oospore in L. Scale bar: 20 um (all at the same magnification, except A) 
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Fic. 7. Pythium ultimum var. ultimum. A. appressorium; B-F. hyphal swellings; G-I. terminal 
oogonia with monoclinous sessile antheridia attached to the base of oogonia; J-L. intercalary 
oogonia with monoclinous antheridia, sessile in J, on short stalk in K and hypogynous in L; 
M-Q. Mature terminal oogonia with thick-walled aplerotic oospore; S, T. intercalary oogonia with 
developing aplerotic oospores and monoclinous antheridia, sessile in R; on short stalk in S and 
hypogynous in T. Scale bar: 20 um (all at the same magnification except A) 
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Fic. 8. Pythium vexans. A. appressorium; B-D. terminal sporangia , empty sporangia with short 
exit tubes in C and D; E. an empty sporangium proliferating internally; F. intercalary sporangium; 
G-K. developing oogonia with antheridia campanulate in H, I and J but irregularly elongated in 
G and K; L-O. mature oogonia with mostly aplerotic oospores in L and M but occasionally nearly 
plerotic oospores in N and O. Scale bar: 20 um (all at the same magnification) 
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Fic. 9. Pythium helicoides. A. sporangiophore with cymose branching; B-D. terminal papillate 
sporangia showing internal proliferation in C and D; E-G. developing oogonia with antheridial 
stalk coiling around the oogonial stalk at the base of the oogonium; H, I. Mature oogonia with large 
elongated antheridia applied close to the oogonium in H with thick-walled aplerotic oospores Scale 
bar: 20 um (all at the same magnification except A) 
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Fic. 10. Pythium splendens. A-C. hyphal swellings terminal in A and B but intercalary in C; 
D. hyphal swelling germinate by germ tube; E. developing terminal oogonium with diclinous 
antheridium; F-L. mature oogonia with aplerotic oospores and club- or crook-shaped antheridia. 
Scale bar: 20 um (all at the same magnification) 


